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Description 

[0001] The present invention relates to composite fibers of potassium hexatrtanate crystals and titanium dioxide crys- 
tals having outstanding characteristics in respect of wear resistance, heat resistance, heat insulation, refractory prop- 
5 erties and reinforcing properties and 8uitat)le for friction nnaterials for brake devices of automobiles, railroad cars, 
aircraft, industrial machines, etc. 

BACKGROUND ART 

10 [0002] Friction materials including chrysotile asbestos fibers therein have been conventionally used for brake devices. 
(However, the friction material including chrysotile asbestos is low in thermal stability and rapidly decreases in coefficient 
of friction at relatively low temperatures to undergo fading, while the friction material markedly wears away at high tem- 
peratures. Thus it has been desired to alleviate these problems. Furttiermore, there is a tendency to control the use of 
asbestos because of its carcinogenicity from the viewpoint of environmental hygiene, so that it is strongly demarvied to 

IS develop suk>stitutes for chrysotile asbestos fibers. 

[0003] To meet the demand, attempts have been made to use in various fields for engineering applications potassium 
titanate fibers which are represented by the general formula K2O • nTi02 and typical of which are potassium hexatrtan- 
ate fiber (K2Ti60i 3). potassium tetratitanatefber {K2Ti409) and potassium octatrtanate fiber (KgTieOiy). as substitutes 
for asbestos fitters. Among these, potassium hexatitanate fiber is effective for the prevention of fading because of its 

20 high heat resistance, has Mohs' hardness of al>out 4, is therefore less likely to abrade the adjoining materials, and is 
useful, for example, for preventing abnormal actuation of brakes since it has less hygroscopiclty and is not reactive with 
water By virtue of these properties, tiiis fiber was proposed to use for friction materials for automotive brake pads, etc. 
(Unexamined Japanese Patent Publications SHO 61-191599 and HE1 1-294553). 

[0004] However, it has been found that although tiie friction material including the potassium hexatitanate fibers has 
25 increased resistance to wear, the coefficient of friction tiiereof at tow temperatures (up to about 250 ""C ) is rather lower 
than that of the friction material including the chrysotile asbestos fibers. With an increase in the speed of vehicles, a 
higher coefficient of friction is required of the friction material for brake devices in recent years, and it is desired to pro- 
vide friction materials retaining a high coefficient of friction over a low to high, wideAemperature range. 
[0005] US-A-3 779 784 discloses a composite fiber having a core of a single crystal K2T16O13 which is encapsulated 
30 by a shell of TiOg. 

[0006] JP-A-04 321 51 7 discloses potassium hexatitanate polycrystalline particles having an average diameter of 1- 
100 ^ and a thickness of 0.01 -2 ^m and their manufacture. 

[0007] JP-A-50 09 462 disck)ses a friction material obtained by binding potassium titanate fibers witti an inorganic or 
organk; binder and molding tiie mixture. 
35 [0008] The present invention provides a fiber material satisfying the above demand, that is, a polycrystalline fiber hav- 
ing a composite phase or structure which consists of potassium hexatitanate crystals and titanium dioxide crystals as 
mixed therewith. 

[0009] Incidentally, rutile-priderite-potassiumhexatrtanate composite fit>er is known as a polycrystalline fber having a 
composite structure which comprises potassium hexatitanate crystals and other crystals (Unexamined Japanese P&t- 
40 em Publications SHO 60-3461 7 and SHO 60-259627). whereas this composite fiber differs from the composite fiber of 
the present invention in tinat it contains priderite. The composite fiber containing priderite not only exhbits lower 
sti-ength but also has tiie problem of becoming brown in its entirety. 

SUMMARY OF THE INVENTION 

45 

[001 0] Accordingly, the present invention provides a process for producing a composite fiber of polyaystalline struc- 
ture according to Qaim 1 , a composite fiber of polycrystalline structure obtained by this process according to Claim 3, 
and a friction material according to Claim 6. 

[001 1 ] The composite fiber of the present invention is a polycrystalline iJber having a composite phase wherein potas- 
so sium hexatitanate crystals and titanium dkixide crystals are present in a mixed state. The composite phase is a struc- 
ture obtained lay a melting production process wherein when potassium Is removed from a mass or lump of potassium 
dititanate ftoers while loosening the lump in a wash liquid, K* ions are dissolved out until the potassium content of the 
fibers decreases to 1 to 1 3.5 wt. %. consequently making the titaniuni content of the fibers exceed the titanium content 
of potassium hexatitanate, potassium hexatitanate crystals are formed by a heat treatment, and the excess of titanium 
55 is formed into titanium dioxkile crystals at the same time. 

. [0012] When composite fibers of the preserrt invention are used for a friction material for brake devices, it is desired 
that the composite fibers be included in an amount of 3 to 50% lay wetgttL 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

FIGS. 1 to 4 are photomicrographs showing composite fibers of the invention; 
FIG. 5 is a photomicrograph showing a conventional single-phase fiber of potassium hexatitanate; 
FIG. 6 is a graph showing the measurements of coefficient of friction obtained for disk pad samples by a constant- 
speed friction and wear test; 

FIG. 7 is a graph shewing the rfieasurements of wear rate obtained for the disk pad samples by the test: 
FIG. 8 is a graph showing the measurements of coefficient of friction obtained for disk pad samples by a constant- 
speed friction and wear test; and 

FIG. 9 is a graph showing the measurements of wear rate obtained for the disk pad samples by the test 
DETAILED DESCRIPTION OF THE INVEfslTION 

[0014] The composite f ikjer of the present invention is characterized in that the f flaer is a polycrystalline f ber having a 
composite structure which consists essentially of potassium hexatitanate crystals (KgTigOia) a"cl titanium dioxide crys- 
tals (Ti02) which are present in a mixed state. An advantageous feature of the conrposite polycrystalline structure of the 
fiber according to the present invention can be obtained by a melting process. 

[0015] The raw material to be used in the melting process is a mixture of a titanium compound convertible to titania 
or titanium dioxide (Ti02) by heating and a potassium compound convertible to potassium oxide (K2O) by heating in 
such a ratio as to result in a Ti02/K20 molar ratio of 1 .5 to 2.5. The melting process comprises steps off heating the mix- 
ture at about 950 to about 1100 "C to prepare a meft. cooling the mett to otstain a lump of potassium dititanate fibers, 
treating the lump of fibers in a wash liquid to dissolve out ions until the potassium content of the fibers decreases to 
1 to 13.5 wt. % (tills percentage is based on the fibers in an anhydrous condition), while loosening the fibers, and heat- 
treating ttie resulting fibers at a temperature of 900 to 1300 ^'G. 

[0016] The titanium compound to be used as one of raw materials is a purified anatase, a purified rutile or the like. 
The reason is that since naturally occun-ing anatase sand or rutile sand contains large quantities of impurity elements 
(Fe, Si, Or, Al. Zr. V and the like) , many cracks are likely to occur in tiie fibers by heat treatment and it is difficult to main- 
tain the fibers in the proper size. Accordingly, It is desirable to use purified anatase or purified rutile having a relatively 
high purity (at least about 98 %). The potassium compound to be mixed with the titanium compound is typically potas- 
sium carix)nate (K2CO3). Potassium hydroxide, nitrate, eto. are also usable. 

[0017] The mixing ratio of flie titanium compound and tiie potassium compound is 1 .5 to 2.5 in terms of Ti02/K20 
molar ratio in order to cause tiie meit thereof to produce fibers of potassium dititanate crystals (K2T12O5) as a primary 
phase (initially occurring phase) during tiie cooling solidification proceeding. The resulting lump of potassium dititanate 
fibers can be deprived of potassium and loosened relatively easily by virtue of its crystal structure. From the viewpoint 

of ease of dispersion in water, the molar ratio is preferably 1.7 to 2.0. ~ - - - 

[0018] The fiber lump obtained by cooling tiie molten mixture for solidification is a bundle-like aggregate of potassium 
dititanate fibers which are grown as primary-phase fibers along a temperature gradient in the cooling solidification pro- 
ceeding. 

[001 9] The amount of K* ions to be dissolved out by tiie potassium removing-loosening proceeding is so adjusted that 
the potassium content of the fibers will be 1 to 13.5 wrt. %. The TIO2/K2O molar ratio of the fibers (hydrated potassium 
titanate) is greater tiian 6. The amount of ions to be dissolved out is ttius adjusted because if it is smaller, titanium 
dioxide crystals are not formed by heat treatment. 

[0020] Atthough water or hot water is usable as the wash liquid for the potassium removing treatment, it is desirable 
to use an aqueous add solution as adjusted to a suitat}le concentration, such as 0.01-1% aqueous solution of sulfurk; 
acid. 0.01-1% aqueous solution of hydrochloric acid or 0.1-2% aqueous solution of acetic add. to ensure an effident 
treatment. When required, tiie treatment is conducted with stinging using a propeller, mixer or the like. The amount off K* 
ions to be dissolved out is adjustable, for example, by using a different wash liquid, or by varying the amount of wash 
liquid, the Intensity of stirring or the treating time. 

[0021 ] The fibers collected from the wash liquid (polycrystalline fibers of hydrated potassium titanate) have a chemical 
composition corresponding to a mixed phase of potassium hexatitanate crystals and titanium dioxide crystals but retain 
some feature of the precursor, i.e., potassium dititanate crystals, with respect to their crystalline structure, so ttiat the 
fibers are heat-treated and thereby formed into potassium hexatitanate crystals and titanium dioxide crystals. 
[0022] The heat treatment is accomplished by hoWing the fibers heated at a temperature of 900 to 1300 "C as previ- 
ously stated. The lower limit of tiie treating temperature is 900 ''C because if the temperature is lower (espedally not 
higher ttian 800 «C ). the composite fftoer obtained has poor crys*allinity and is chemically unstable. The upper limit is 
1 300 ''C to avoid melting of the potassium hexatitanate crystals. 
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[0023] When the heat treatment is conducted at lower temperatures (up to about 970 **C ) in the Btoo</e range, the form 
of titanium dioxide is anatase while the form of titanium dioxide is rutile when the heat treatment is conducted at higher 
temperatures (at least aboiA 1050 *»C ) in the above range. At the heat treatment in an intemnediate temperature range 
(about 1000 ^"0 ). the form of titanium dioxide is a mixed phase of anatase and rutile. 
5 [0024] Although the transformation of crystal structure can be achieved by the heat treatment in the foregoing tem- 
perature range for several minutes, the treating time relates to densification of crystal grains and also to the fiber 
strengtii, so tiiat the heat treatment is carried out for at least 10 minutes, preferably for 0.5 to 3 hours, to obtain 
enhanced fiber strength. 

[0025] As previously stated, according to the production process descrit>ed. the heat treatment (for transformation of 
10 the crystal structure of fibers) provides to form a composite pdycrystalllne structure wherein potassium hexatitanate 
crystals are present in such a state as mixed with titanium dioxide crystals. The crystallization of titanium dioxide is 
attributable to the potassium removing-loosening proceeding, preceding the heat treatment, by which K* ions are dis- 
solved out until the potassium content of the fibers reduces to 1 3.5 wt % or less. It should be noted that this percentage 
is based on the fibers in an anhydrous state. When the chemical composition of tiie fibers (crystals of hydrated potas- 
is slum titanate) as collected after ions have been dissolved out from the primaryiahase fiber lump (cr)stals of potas- 
sium dititanate) is expressed in T1O2/K2O molar ratio, these fibers, which are up to 13.5 wt.% in pottasium content, are 
represented by 'Ti02/K20 > 6" and therefore exceed potassium hexatitanate fibers {Ti02/K20 = 6) in titanium content. 
Consequentiy, by the heat ti-eatment. potassium hexatitanate crystals are formed and also tiie excess of titanium is 
crystallized into titanium dioxide crystals, so that the composite phase of potassium hexatitanate crystals and titanium 
20 dioxide crystals as mixed therewith is formed. Depending on the temperature of the heat treatment, tiie titanium dioxide 
crystals are formed into a rutile phase or anatase phase. 

[0026] The proportion of titanium dioxide crystals in the potassium hexatitanate crystal-titanium dioxide crystal com- 
posite fber, although not stricUy depending on the required characteristics of tiie fiber or use thereof, is preferably at 
least 1 vol. % (about 6 mole %) for the fiber to fully exhibit the effect of its mixed phase. 
25 [0027] The composite fitter of the present invention is prepared in the form of a platelike polycrystalline fiber having 
a diameter of about 20 to about 50 ^m and a length of about 100 to aSoovX 400 fxm, although the fber size is dependent 
on the structural cortditlons, especially on the treatment conditions of the potassium removing-loosening proceeding for 
the primary-phase fber lump. 

[0028] As already stated, tiie titanium dioxide crystals are present as the rutile phase, anatase phase or mixed phase 
30 thereof having a specific crystal structure, depending on the potassium content of the f bers or heat-treatment temper- 
ature. The rutile phase has higher hardness than tiie anatase phase (rutile phase about 7.0-7.5, anatase phase about 
5.5-6.0 in Mohs* hardness), so that the composite fitter exhibits higher wear resistance when containing titanium dicxide 
crystals as tiie rutile phase than when containing the titanium dioxide crystals as the anatase phase. 
[0029] As compared with the single-phase iiber of potassium hexatitanate. the polycrystalline composite fiber of the 
35 present invention consisting of potassium hexatitanate crystals and titanium dioxide crystals has higher wear resistance 
and coefficient of friction and improved strength as effects of mixture of two phases. Moreover, the mixture of two 
phases gives the surface of tiie fiber minute projections or indentations, which afford enhanced adhesive strengthcit the 
interlace when the fiber is bonded witii other material. 

[0030] A friction material wherein tiie composite fibers of potassium hexatitanate and titanium dioodde having the fore- 
40 going characteristics are Incorporated therein has a higher coefficient off friction than the friction material wherein the 
single-phase fiber of potassium hexatitanate is used. The composite fiber is high in tiie thermal stability of its coefficient 
of friction and retains the high coeff icierrt of friction over a high low. wide temperature range. At low to high tempera- 
tures, the friction material of the present invention also has higher wear resistance than the friction material comprising 
chrysotile asbestos fiber. 

45 [0031 ] The composite fiber of the preserrt invention is of polycrystalline st-ucture and therefore locally has interstices 
at the boundaries of the crystal grains. The interstices serve a cushiony function during use, so that the friction material 
incorporating the present composite fiber has an additional advantage of abrading the adjoining materials with miti- 
gated impact. 

[0032] When the composite fiber of tiie present invention is used for friction materials, it is desired tiiat tiie friction 
so material contains the composite f a>er in an amount of 3 to 50 wt. %. The lower limit of the content is 3 wt. % because 
when present in smaller amounts, the fiber is unable to fully exhibit its effect, white the upper limit is 50 wt. % since if 
this limit is exceeded, the effect to give improved friction and wear characteristics nearly levels off. 
[0033] The friction nnat«-ial of the present invention may have further incorporated tfierein at least one of various 
fibrous fillers which are known as fibers to be applied for friction materials when so required, in addition to the composite 
55 fiber of potassium hexatitanate and titanium dioxide. Examples of such fillers are synthetic organicfibers (Aramid fiber, 
etc.). metal f ik>ers (steel fitter, stainless steel fiber, copper fiber, brass fiber, etc.). cartoon fber, glass fber. alurrana silica 
fiber, silica fiber, mineral wool, slag wool and wood pulp. These fillers are used in a suitable amount (ag.. 1 to 60 wt. %) 
along witii the composite fber of potassium hexatitanate and titanium dioxide, for example, for the purpose of reinfbrc- 
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ing the friction material. 

[0034] When required, these fibrous fillers are used as surface-treated with a coupling agent so as to be improved, 
for example, in dispersibility and adhesion to the binder. Examples of useful coupling agents are sitane coupling agents 
(such as vinylsilane. aminosilane, epoxysilane. methacryloxysilane and mercaptoxysilane). and titanate coupling 
5 agents (such as isoprop/ttriisostearoyl titanate and di(dioctylpyrophosphate)-ethytene titanate). 

[0035] The friction material of the present invention may have further incorporated therein various additives which are 
generally used as friction and wear modifiers. Examples of useful additives are organic powders such as vulcanized or 
unvulcanized natural or syntiietic rubber powders, cashew resin particles or granules, resin dusts and rubber dusts; 
inorganic powders such as natural or artificial graphite, molybdenum disulfide, antimony tiisulfide, barium sulfate. Cai- 
ro cium carbonate and xonotiite; flaky inorganic fillers such as mica and vermiculite; metallic powders such as copper, alu- 
minum, zinc, iron and stainless steel powders; metallic oxide powders such as alumina, silica, chrominum oxide, 
titanium oxide, iron oxide, antimony trioxide and copper oxide powders; etc. These additives are used singly or at least 
two of them are used in combination in a suitable amount (e.g., 20 to 80 wt. %) in accordance with the friction charac- 
teristics required of the product, such as coefficient of friction, wear resistance and vibration characteristics. Also usable 
IS are corrosion inhibitors, abrasives and like auxiliary agents in a suitable amount (e.g., up to 60 wL %) as required. Thus, 
the friction material is prepared in the form of a composition including such additives or agents as Is the case witti con- 
ventional friction materials. 

[0036] Examples of suitable binders are tiiose used for friction materials of the type described, such as resins includ- 
ing epoxy resin, phenol resin, formaldehyde resin, polyester resin, pdyamide resins, alkyd resin, silicone resin, polyim- 
20 ide resin and like thermosetting resins and these resins as modified; and rubbers including natural rubber, styrene- 
butadiene rubber and niti^ile rubber. 

[0037] Uke conventional friction materials, the friction material of the present invention can be prepared by dispersing 
the fibers in a resin serving as tiie binder to obtain a starting composition with friction and wear modifiers and other 
additives incorporated tiierein as desired, and molcOng the composition wrtti a die or tiie like with heating and applica- 
25 tion of pressure for consolidation. Altematively, ttie friction material can be pr^red by dispersing the starting compo- 
sition, for example, in water, placing the dispersion over a screen, making the dispersion into a sheet by squeezing 
water therefrom and pressing the sheet with heating under an increased pressure for consolidation. The product thus 
molded or shaped can be machined or ground suitably. 

30 EXAMPLES 

Preparation of Ftoers 

(1) Composite f 3>er of potassium hexatitanate and titanium dioxide (examples of the invention) 

35 

a. Preparation of raw material 



[0038] Purified anatase powder (99.8 % in purity) and potassium carbonate powder (99.5 % in purity) for industrial 
use were mixed togettier in such a ratio as to result in a TiO^/I^O molar ratio of 1 .8. 

40 

b. Heating for melting 

[0039] TTie raw material was placed into a platinum crucible and melted by heating at 1050 ''C for 40 minutes. 
45 c. Cooling for solidification 

[0040] The melt was poured into a dish-like container (of copper) to obtain a lump of potassium dititanate f ft^ers. 
d. Potassium removing-loosening treatment 

so 

[0041] The lump of fft^ers was placed into an aqueous solution of sulfuric acid prepared by adding sulfuric acid to 
water in 150 times tiie amount (by weight) of the lump of fibers. ions were caused to dissolve out from the fibers witii 
stirring by a propeller while the f bers were being loosened. 

55 e. Heatti-eatment 

[0042] The k)osened fibers were collected from tiie solution, dewatered, dried (in air) and thereafter heat-treated in 
an alumina crucible fbr 2 hours. 
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(2) Single phase fiber of potassium hexatitanate (oomparative example) 

[0043] A plate-like polycrystalline fber of potassium hexatitanate single phase was prepared under the same treating 
conditions as above except that the aqueous sulfuric acid solution for the potassium removtng-loosening treatment was 
5 replaced by water (in 150 times the amount of the fber lump). 

[0044] Table 1 shows the concentration of acid solution, heat-treating temperature, crystal phase of the final fiber 
product etc. according to the examples of the invention and comparative example. 



Table 1 





No. 


Concen. of K-remov- 
ing add sdln. (%) 


('')K content of fibers 
(wt.%) 


Heat-treating temp. ( 
»C) 


Final fiber product 












Crystal phase 


TIO2 (vol. %) 


IS 


1 


0.5 


4.4 


1050 


6TK+T1O2 (R) 


63 




2 


0.3 


6.6 


1050 


6TK+T1O2 (R) 


47 




3 


0.1 


9.0 


950 


6TK+T1O2 (A) 


30 


20 


4 


0.1 


9.0 


1050 


6TK+T1O2 (R) 


30 




5 


0.1 


9.0 


1150 


BTK+TiOa (R) 


30 




6 


0.05 


11.2 


1050 


6TK+Ti02 (R) 


15 




11 


0 


13.6 


1050 


6TK 


0 


25 


Note 

6TK: potassium hexatitanate crystals 

(A): anatase phase of titanium dioxide crystals 

(R): rutile phase of titanium dioxide crystals 



( * ) K content of fibers was determined after heat treatment and indicates values in the Vtoers in an anhydrous condition 
thereof. 



[0045] No. 1 to Na 6 are examples of the invention, and No. 1 1 is a comparative example. Each of the final fiber prod- 
ucts is in the form of a plate-like polycrystallrne fiber measuring about 30 ^m in average fiber diameter and about 200 

35 nm in average fiber length (as determined with reference to photographs by the scanning electron miaoscope). 

[0046] FIGS. 1 to 5 show images (magnification: x 2000) under a scanning electron microscope of the final fiber prod- 
ucts obtained in the respective exanrples (6TK: potassium hexatitanate crystals; T^ crystals). 
[0047] FIGS. 1,2.3 and 4 show the composite fibers of examples No. 1 . No. 3, No. 4 and No 5. respectively, of the 
invention, and FIG. 5 shows the single-phase fiber of potassium hexatitanate of comparative example No. 1 1 . 

40 [0048] Although the final fitters of the examples of the invention and comparative example are rust particularly different 
in form or size, the fitter of the comparative example is a single-phase fO^er of potassium hexatitanate crystals only, 
whereas those of the examples of the invention have a composite phase comprising potassium hexatitanate crystals 
and titanium dioxide crystals which are present as mixed with the former crystals in a dispersed state. 
[0049] A further reference will be made to FIGS. 1 to 4 showing fibers of the invention. A comparison between FIGS. 

45 2. 3 and 4 (the potassium-removed fibers shown are all 9 % in potassium content, while the heat-treating temperature 
is 950 °C with FIG. 2. 1050 ^'C with FIG. 3 or 1 1 50 *»C with FIG. 4) indicates that the composite fiber increases in grain 
size with a rise in heat-treating temperature. A comparison between FIGS. 1 and 3 (the heat-treating temperature is 
1050 '^C in both cases, wNle the potassium content is 4.4 % with FIG. 1 or 9.0 % with FIG. 3) reveals that the amount 
of titanium dioxide crystal phase increases with a decrease in potassium content. These results show that the type of 

so composite phase of the composite fiber embodying the invention is controllable as desired by varying the amount of 
potassium to be dissolved out by the potassium removing proceeding and the temperature of the heat-treating proceed- 
ing. 

[0050] Incidentally, larger crystal grains are advantageous because the fiber then becomes more densification and 
exhibits higher strength. 

ss 

.Strength of Fiber? 

[0051 ] Some of the composite fibers of the invention and the singleishase fiber of potassium hexatitanate were con- 
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solidated into samples using a phenol resin binder, and then tested for the f lexural strength, deflection at rupture and 
strain of the fibers. 

[0052] The samples were prepared from the fibers No. 4, No. 5 and No. 1 1 listed in Table 1 by the following procedure. 
The fiber (70 wt. %) and 30 wt. % of phenol resin were mixed together, and the mixture was compacted (under a pres- 
5 sure of 30 MPa at room temperature for 1 minute) and molded (under a pressure of 15 MPa at a temperature of 1 70 *C 
for 5 minutes) into a consolidated piece. The molding was heat-treated (at 180 *»C for 3 hours). The sample thus pre- 
pared was 7 X 15 X 70 mm in size. 

[0053] The samples obtained were subjected to a 3 point f lexural test (span: 40 mm, crosshead speed: 0.5 mnVmin). 
Table 2 shows the results. 

TO 



Table 2 



Sample No. 


Breaking load (kg) 


Flexural strength (MPa) 


Deflection at rupture 
(mm) 


Strain (%) 


4 


182 


139 


0.58 


1.54 


5 


194 


152 


0.63 


1.66 


11 


165 


122 


0.51 


1.35 



20 

[0054] The results given in Table 2 reveal that the samples No. 4 and No. 5 each comprising the conposite fiber of 
the invention are higher in flexural strength than sample No. 1 1 comprising the single-phase fiber of potassium hexati- 
tanate. 

2S Friction and Wear Characteristics 

(Wear Resistance and Coefficient of Friction) 
[0055] 

30 

Examole 1 

[0056] Some of the composite f toers of the invention and the single-phase fiber of potassium hexatitanate were each 
made into a friction material (disk pad), which was then tested for friction characteristics. 
35 [0057] The disc pad for testing was prepared by the following procedure. The mixture given below was compacted, 
molded and heat-treated under the same conditions as for preparing the samples for the foregoing fiber strength test, 
further followed by grinding Thus; test pads AT, A2, B and C were obtained. 



40 



Fiber 




30 wt. 


% 


Binder (phenol 


resin) 


20 wt. 


% 


Friction and we 


ar modifier (barium sulfate) 


50 wt. 


% 



[0058] The fibers used for the test pads A1, A2 and B are No. 4. No. 5 and No. 1 1 in Table 1 , respectively, and the 
main fiber used for the test pad C is chrysotile asbestos fiber (Class 6). 

[0059] Test pieces were cut out from the test pads and subjected to the constant-speed friction and wear test (disc 
so friction surface: FC250 gray cast iron, surfece pressure: IMPa, friction velocity: 7 m/Ssec) prescribed in JIS D4411, 
"Motor Vehicle Brake Linings" and thereby tested for coefficient of friction and wear rate. The measurements of coeffi- 
cient of friction are shown in FIG. 6, and those of wear rate in FIG. 7. 

[0060] FIG. 6 shows that the test pads A1 and A2 of the invention retain a higher coefficient of friction than the test 
pad B (incorporating the single-phase fiber of potassium hexatitanate) over the entire range of low to high temperatures. 
ss Further the test pads A1 and A2 are higher than the test pad C (incorporating chrysotile asbestos fiber) in coefficient of 
friction at higher temperatures. 

[0061 ] FIG. 7 reveals that the test pads A1 and A2 of the invention are low in wear rate and have high wear resistance 
at higher temperatures. 
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Example 2 

[0062] Under the same conditions as in Example 1 . the following mixture was compacted, nnolded and heat-treated, 
followed by grinding, to prepare each of test pads A3. B3 and C3. 

5 





Rber-1 


16wt.% 


10 


Fiber-2 (Aramid ftoer; Kevlar pulp. 2mm in length Toray Industries, Inc.) 


3 wt.% 




BirKier (phenol resin) 


9wt.% 




Organic additives (cashew dust, etc.) 


9 wt.% 


15 


Others (graphite and like lubricant, barium sulfate and like inorganic powder, metal powder, oxide pow- 
der) 


63wt% 



[0063] With regard to this example, the components of the test pads other than the f iber-1 are typical of those incor- 
porated in automotive brake pads in actual use. The fibers-l used for the test pads A3 and B3 are respectively No. 5 
20 and No. 1 1 given in Table 1 . The fiber used for the test pad 03 is chrysotile asbestos fiber (Class 6). 

[0064] Test pieces were cut out from the test pads and subjected to the constant-speed frictfon and wear test in the 
same manner as in Example 1 . The test results are shown in FIGS. 8 and 9. 

[0065] FIG. 8 indicates that the test pad A3 of the invention retains a higher coefficient of friction than the test pads 
B3 nd 03 over the entire range of low to high temperatures. 
25 [0066] FIG. 9 reveais that the test pad A3 of the invention is smaller in wear rate and more resistant to wear than the 
test pad C3 at higher temperatures. 

[0067] The potassium hexatitanate-titania composite fiber of the present invention has higher hardness, wear resist- 
ance, shear strength, etc. than the single-phase potassium hexatitanate fiber as effects afforded by the presence of tita- 
nium dioxide crystals. When the present conrrposite fiber is incorporated in the friction materials for automobiles and like 

30 brake devices, the slide surface can be given improved friction and wear characteristics. 

[0068] TTie composite fiber of the present invention is useful in place of the single-phase f ber of potassium hexatitan- 
ate for other applications, for example, as a f Dler for heat-resistant wear-resistant coating compositions, as a reinforcing 
fiber for reinforced plastics, and for refractory or heat-insulating materials to impart improved material characteristics. 
[0069] The foregoing description of the embodiments and examples is given for illustrating the present invention and 

35 should hot be interpreted as limiting the Invention defined in the appended claims or reducing the scope thereof. The 
preserrt invention is therefore not limited to the embodiments and examples described but can be modified variously by 
- one skilled in the art — — - - 

Claims 

40 

1 . A process for producing a composite fiber of polycrystalline structure consisting of potassium hexatitanate crystals 
and titanium dioxkJe crystals mixed therewith by a melting process, the process comprising steps of heating as a 
raw material a mixture of a titanium compound convertible to titanium dioxide by heating and a potassium com- 
pound convertible to potassium oxide by heating in a ratio resulting in a TIO2 /K2O molar ratio of 1 .5 to 2.5 to pre- 
45 pare a melt, cooling the melt to olJtain a lump of potassium ditrtanate fibers, treating the lump of fibers in a wash 
liquid to dissolve out K"^ ions, while loosening the f toers. until the potassium content of the fiber decreases to 1 to 
1 3.5 weight % on the basis of an anhydrous condition of the fiber, and heat treating the resulting fibers at a temper- 
ature of 900 to 1300 ""O. 

so 2. The process as defined in daim 1 wherein the heat treatment is controlled at a temperature of 1050 ^'O or higher. 

3. A composite ffoer of polycrystalline structure consisting of potassium hexatitanate crystals and titanium dioxide 
crystals mixed therewith, obtained by the process of daim 1 . 

55 4, The composite ftoer as defined in claim 3 wherein the potassium content induded in the fiber is 1 to 1 3.5 weight %. 

5. The composite ftoer as defined in daim 3 wherein the potassium content included in the ftoer is 4.4 to 1 1 .2 weight 
%. 
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6. A friction material wherein fibers are consolidated with a resin binder, the friction material being characterized in 
that it includes composite poiycrystalline fibers according to any one of claims 3 to 5 in an amount of 3 to 50 % by 
weight 

Patents nspruche 

1 . Verlahren zur Herstellung einer Verbundfaser mit poiyi^stalliner Struktur. bestehend aus Kaliumhexatitanatkristal- 
ten und damit durch ein Schmelzverfahren venmischten Titandioxidlffistallen, wobei das Verfahren die Schritle des 
Erhitzens als Ausgangsmaterial einer Mischung aus eIner Titanverbindung. welche durch Erhitzen in Trtandioxid 
umwandelbar ist, und erner Kaliumverbindung. welche durch Erhitzen in Kaliumoxid umwandelbar ist, in einem Ver- 
hartnis, das in einem Ti02/K20-Molverhaitnis von 1.5 bis 2,5 resultiert. urn eine Schmeize herzustellen, des Kuh- 
lens der Schmeize zur Erzielung eines Klumpens aus Kaliumdititanatfasern, des Behandelns des FaserWumpens 
in einer Waschflussigkeit, um K^-ionen herauszulOsen, wShrend die Fasem gelockert werden, bis der Kaliumgehalt 
der Faser auf 1 bis 1 3,5 Gew.-% auf der Basis eines wasserfreien Zustandes der Faser abnimmt. und des Warme- 
behandelns der resultierenden Fasem bei einer Temperatur von 900 bis 1 .SOO^'C umfaBt. 

2. Verlahren nach Anspruch 1 , wobei die Warmebehandlung bei einer Temperatur von 1 .050^0 Oder hOher reguliert 
wird. 

3. Vertxjndfaser mit polykristalliner Strul^r, bestehend aus Haliumhexatitanatkristallen und damit vermischten Trtan- 
dioxidivistallen, erhalten durch das Verfahren gemaB Anspruch 1 . 

4. Verbundfaser nach Anspruch 3, wobei der in der Faser beinhaltete l^liumgehatt 1 bis 13,5 Gew.-% betragt. 

5. Verbundfaser nach Anspruch 3. wot>ei der in der Faser beinhaJtete Kariunr^gehalt 4.4 bis 1 1 ,2 Gew.-% betragt. 

6. Friktlonsmaterial. bei dem Fasern mit einem IHarzbindemittel verfestigt sind, wobei das Friktionsmaterial dadurch 
gekennzeichnet ist. daB es polykristalline Verbundfasem nach mindestens einem der AnsprQche 3 bis 5 in einer 
Menge von 3 bis 50 Qew.-% beinhaltet. 

Revendications 

1 . Proc6d6 de production, par fusion, de fibres composites de structure polycristalline, constitu6es de cristaux d'hexa- 
titanate de potassium et de cristaux de dioxyde de titane m6lang^ avec. ledit proc^6 comportant les 6tapes con- 
sistant : 

- a chauffer un mat6riau brut qui est un melange d'un compos6 du titane, convertible par chauffage en dioxyde 
de titane. et d'un compost du potassium, convertible par chauffage en oxyde de potassium, en un rapport tel 
que le rapport moiaire TiOa/KsO obtenu vaut de 1 ,5 a 2.5. de mani^e a pr^rer une masse fondue ; 

a faire refroidir cette masse fondue, de fa^on a obtenir un amas de fibres de dititanate de potassium ; 

- a traiter cet amas de fibres dans un liquide de lavage, pour en extraire des ions par dissolution tout en dasa- 
grageant I'amas de fibres, jusqu'a ce que la teneur en potassium des fibres s'abaisse a une valeur de 1 a 1 3,5 
% en poids. par rapport au poids des fibres a ratat anhydre ; 

- et a feire subir aux f ftyes r6sultantes un traitement thermique a une temparature de 900 a 1 300 ^'C. 

2. Procada confbrme a la revendication 1 , dans lequel la temparature atteinte lors du traitement thermique est ragiae 
a une valeur suparieure ou agale a 1050 **C. 

3. Fibres composites de structure polycristalline. constituaes de cristaux dTiexatilanate de potassium et de cristaux 
de dioxyde de titane maiangas avec. et obtenues par un procada conforms a la revendication 1 . 

4. Fibres composites conformes a la revendication 3. qui contiennent de 1 a 13.5 % en poids de potassium. 

5. Rbres composites conformes a la revendication 3. qui contiennent de 4.4 a 1 1 ,2 % en poids de potassium. 

6. Matariau de friction dans lequel des fibres sont solidement agragaes au mcyen d'un liant de rasine, ce matariau de 
friction atant caractarisa en ce quil contient des f bres composites polycristallines, conformes a l*une des reverxli- 
cations 3 a 5, en une proportion pondarale de 3 a 50 %. 
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FIG, 3 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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